The clustering energies and geometries of the H 2 CN + • MN 2 (w = 1, 2 and 3) species have been determined by ab initio SCF calculations with the 4-31G basis set. The calculated clustering energies are in good agreement with the experimentally estimated heats of formation of the corresponding clusters. The stability of various conformers has been studied in terms of localized orbitals and charge distributions.
Introduction
Evidence of complex chemical processes arising in the atmosphere of Titan, the largest satellite of Saturn, is of considerable interest, since these processes might be similar to the formation of prebiotic molecules in the primitive earth's atmosphere. It has been established that a dense atmosphere around Titan is mainly composed of N 2 with some CH 4 and other minor compounds including hydrocarbons and organic nitrogen molecules and that the clustering reaction of the dihydrogen cyanide cation, H 2 CN + and molecular nitrogen (N 2 ) plays a major role in the formation of various organic molecules [1] .
Recently, Speller et al. [2] have observed the H 2 CN + • N 2 cluster ion in a simulated laboratory mass spectroscopic experiment. In the following study [3] , these authors also reported the results of laboratory measurements of equilibrium constants for the clustering of N 2 clustering energy of 8.9 or 6.5 kcal/mol in two levels of approximation is in good agreement with the experimental heat of formation. Furthermore, the structures of two stable reaction products and the reaction pathway of the ion-molecular reaction, H 2 CN + + N 2 have been reported in detail.
In the present theoretical study we extend our investigation to the H 2 CN + • nN 2 species (n = 2 and 3)
and report the results of ab initio SCF studies on the favourable structures and clustering energies of these species. The clustering mechanisms and relative stabilities are analyzed in detail in terms of localized orbitals and charge distributions.
Calculation
Ab initio SCF calculations have been performed employing the split-valence 4-31G basis set [5] 3 Values in parentheses are the numbering of molecules whose geometrical parameters are given in Figure 1 .
. c Experimental values of [3] .
For the n = 2 species, we have obtained four stable conformations ( (5), (6), (7) and (8) The two conformers of the n = 3 species ((9) and (10) of Fig. 1 ) have almost the same clustering energy, the difference being less than 1 kcal/mol, and the calculated clustering energy of 3.02 kcal/ mol for the more stable one (see (9)) is in excellent agreement with the experimental heat of formation of 3.2 kcal/mol. The calculated dipole moments are also listed in Figure 1 . It is worthwhile to note that the most stable conformer for each n has the largest dipole moment. For example, the calculated dipole moment of 7.80 Debye of the most stable N 2 ... HCNH + ... N 2 conformer for n = 2 is found to be much larger than those of other conformers.
In order to have an idea about the stability of the two stable conformers of the H 2 CN + • N 2 complex, we have independently calculated the reaction paths of the following reactions: In order to study the change in the charge distribution of the N 2 molecule to the clustering, a localized molecular orbital (LMO) analysis has been carried out. In Table 2 , the positions and sizes of charge centroids of the lone pair LMO for N 2 in different species are summarized. The second moment (<(/'
2 )) measures the extent of the electronic dispersion around the LMO charge centroid. As to the free nitrogen molecule, the H-bonded N = N exhibits significant changes both in the position and extent of the charge centroid of the lone pair LMO.
The most significant change is found in the N] position (cf. Fig. 1 ) in all cases, since the N]...H distance is also shown to be shorter than other N ... H distances, and the ordering of these changes is found to be N] > N 2 > N 3 . It is also worthwhile to note that the most stable conformer for each n has the largest change in the position and in the second moment. This result also shows that the formation of the complex needs an elongation of the lone pair of molecular nitrogen and that this elongation is the largest for n = 2 (0.031-0.037 A) and becomes smaller for n = 3 (0.017 A). Thus, the linear structure of the n = 2 species turns out to be the most important species for the formation of higher complexes. It seems that this species might serve as a skeleton from which a variety of higher order complexes could be formed. and 0.09 (n = 3), respectively, and it shows that the electron transfer in the most stable conformer for each species is slightly larger than those in the less stable conformers.
The electron population analysis also clearly reflects the polarity and large dipole moment of the H 2 CN + • nN 2 species. The dipole moment of the reacting H 2 CN + species was previously shown to be very small: 0.62 [10] and 0.57 Debyes [11] from SCF calculations and 0.71 [10] and 0.23 Debyes [11] from configuration interaction (CI) calculations. Thus, the intensity of the rotational spectra is expected to be very weak, making the experimental detection extremely difficult. On the other hand, the very large dipole moment (~ 7.8 Debye) of the weakly bonded H 2 CN + • nN 2 complexes calculated in the present study indicates that these species are relatively easily detectable by spectroscopical means.
In conclusion, the present ab initio study shows that the interstellar species H 2 CN + • nN 2 might exist as stable species in either two collinear conformations (n = 1), in four (n = 2) or two (n = 3) different conformations. The calculated energy difference between the complex, H 2 CN + • nN 2 and its fragments, H 2 CN + and nN 2 , agrees well with the estimated heat of formation obtained from simulated laboratory experiments. The present detailed theoretical study on the structure and electronic properties may serve as a guide for an unambiguous identification of this important interstellar species.
